Purpose. Although Mycobacterium fortuitum (M. fortuitum) is not an organism rarely isolated from respiratory samples, its clinical importance is still not fully understood, which therefore prompted our current study.
INTRODUCTION
Non-tuberculous mycobacteria (NTM) are a varied group of bacteria that are ubiquitous in environmental resources [1, 2] . In most parts of the world, NTM have not been reported as public health diseases, and thus epidemiological information is not readily available [3] . However, the data reported in published studies from different geographic regions around the world reveal increasing trends in the rate of isolation of NTM that may endanger public health [4] . Exposure to these bacteria can cause very serious infections in patients with impaired immune systems, especially in those with human immunodeficiency virus (HIV) and disseminated disease (disseminated skin lesions and soft tissue lesions), and in fact this happens almost exclusively in such patients [1] . Based on the latest report of the World Health Organization (WHO), about 36.7 million people in the world were living with HIV at the end of 2015 and all were susceptible to NTM infection [5] . Owing to an increase in ubiquitous opportunistic pathogens, rapidly growing mycobacteria (RGM) are also becoming a significant health concern worldwide. Among the RGM species, Mycobacterium fortuitum (M. fortuitum), which was first discovered by J. Da Costa Cruz who isolated the bacterium from skin abscesses, is one of the most frequent species causing diseases in humans, especially post-surgical, catheterrelated, soft tissue, lung and skin infections [1, 6] . M. fortuitum isolates are usually susceptible to multiple oral antimicrobial agents, including the more recent macrolides, fluoroquinolones, doxycycline and sulfonamides. This barrier in the treatment of mycobacterial infection and the statistical facts about its prevalence indicate the necessity of searching and synthesizing new, more potent and less resistance-prone compounds with fewer side effects [7, 8] .
In Iran, M. fortuitum is the most prevalent RGM isolated from both environmental and clinical samples, as well as from respiratory samples, such as sputum, in clinical laboratories [1] . Therefore, the aim of this study was to evaluate the prevalence and clinical significance of M. fortuitum in respiratory samples.
METHODS

Study population
The current cross-sectional study was conducted from May 2014 to May 2016 in Tehran, Iran. A total of 6800 patients referred to the Pasteur Institute of Iran with suspected tuberculosis were selected. All patient samples were processed using the N-acetyl-L-cysteine-sodium hydroxide method [9] . The Löwenstein-Jensen (L.J) medium culture method was used to recover mycobacterial strains.
NTM biochemical detection
Analyses of macroscopic and microscopic morphologic features, growth rate, growth at different temperatures, Tween 80 hydrolysis, nitrate reduction, niacin test, arylsulfatase production, urease production, tellurite reduction, salt tolerance, iron uptake and semi-quantitative catalase production, according to the Centers for Disease Control and Prevention (CDC) standard guidelines, were carried out for the determination of NTM isolates [9] . All materials for biochemical tests were purchased from Sigma-Aldrich Corporation (Sigma, St. Louis, MO, USA).
Identification of Mycobacterium tuberculosis complex (MTC)
IS6110-based PCR assay was used for differentiation of MTC and NTM from positive cultures. A 123 bp fragment of insertion sequence 6110 (IS6110) of the MTC was used as a target and was amplified using previously described PCR primers [6, 9] . Mycobacterium tuberculosis (CRBIP7.11) and M. fortuitum (CRBIP17.99) were used as positive and negative control, respectively.
NTM molecular detection
Genomic DNA was extracted using the High Pure PCR Template Preparation kit (Roche Diagnostics Deutschland GmbH, Mannheim, Germany), according to the manufacturer's instructions. To identify NTM isolates at the species level, we used PCR-restriction fragment length polymorphisms of the heat shock protein (hsp)-65 gene (441 bp) [10] , sequence alignments of the 16S-23S rRNA gene internal transcribed spacer (~500 bp) [11] and rpoB (750 bp) [12] genes (Fig. S1 , available in the online version of this article).
Assessment of clinical and radiological results
The medical documentations of the patients were assessed, including their sex, age, respiratory symptoms, cigarette smoking history, underlying disease, acid-fast bacilli (AFB) smear status and number of positive isolates. Chest radiographic results were also assessed for the presence of cavitation, consolidation, reticulonodular opacities and volume loss.
Nucleotide sequence accession numbers
The partial genome of M. fortuitum was submitted to GenBank under accession numbers MF471847, MF471848-MF471854-MF471856, MF471858, MF471862-MF471865, MF471867, MF471869-MF471871, MF471873-MF471874, MF471876-MF471879, MF471882, MF471885-MF471898 and MF471900-MF471906 for the rpoB gene; and MF479200, MF479201, MF479207-MF479209, MF479211, MF479215-MF479218, MF479220-MF479223, MF479225, MF479226, MF479228-MF479231, MF479234, MF479237-MF479250 and MF479253-MF479258 for the ITS gene.
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows v.22.0 (IBM Corp. 2013). All P-values were two-tailed, and values <0.05 were considered statistically significant. The Chi square test was carried out to determine significant associations between qualitative variables, while the Mann-Whitney U-test was performed to assess continuous variables. Factors associated with M. fortuitum infection positivity were determined by multivariate logistic regression analysis. Odds ratios (OR) and 95 % confidence intervals (95 % CI) were also measured.
RESULTS
Patient characteristics
The distribution of MTC and NTM isolates is depicted in Fig. 1 . Out of the 6800 patients with suspected tuberculosis, 416 and 64 were positive for MTC and NTM, respectively. All NTM isolates were negative for IS6110-PCR (Fig. S1 ). Among those with NTM infection, 40 (62.5 %) patients tested positive for M. fortuitum by culture from respiratory samples. Among these, 35 (87.5 %) subjects were positive for two or more samples and five (12.5 %) subjects had only one positive sample. According to the American Thoracic Society/Infectious Diseases Society of America (ATS/IDSA) criteria of NTM lung disease, we only assessed the 35 patients with two or more positive cultures in the current study [13] .
The mean age of these 35 individuals was 50.7±18.4 years, and 20 (57.1 %) were men. Nine (25.7 %), 11 (31.4 %) and 15 (42.9 %) patients were ex-smokers, current smokers and non-smokers, respectively. Sputum (n=24, 68.6 %), haemoptysis (n=18, 51.4 %), cough (n=16, 45.7 %) and gastroesophageal disease (n=8, 22.9 %) were the most common symptoms. Most patients had underlying pulmonary disease such as cystic fibrosis, pulmonary NTM (excluding M. tuberculosis) or lung cancer. Five (12.5 %) patients were antibody positive for HIV (Table 1) .
Chest X-ray assessment Chest radiographic data were available for only 30 of the 35 patients The most frequent chest X-ray findings were reticulonodular opacities, cavitary lesions, lobar volume decrease and consolidation, in 16 (53.3 %), 6 (20.0 %), 5 (16.7 %) and 3 (10.0 %) patients, respectively (Table 1) .
Microbiologic findings
In total, 95 samples from the 35 subjects were determined as positive for M. fortuitum. The samples were sputum (n=81, 85.3 %) and bronchoalveolar lavage (n=14, 14.7 %). Twentyseven (28.4 %) samples were positive for smear microscopy. Of the 35 patients, 25 (71.4 %) and 10 (28.6 %) had three and two positive cultures, respectively. All strains were positive for growth rate less than 7 days, growth at different temperatures (37 and 42 C), arylsulfatase production, urease production, tellurite reduction, salt tolerance, iron uptake and semi-quantitative catalase production. The BstEII and HaeIII fragment lengths were 235/120/85 and 145/120/60, respectively (Fig. S2) . The alignment results of genes rpoB and ITS were confirmed by the results of PCR-RFLP. (Table 2) .
DISCUSSION
This was a preliminary study to evaluate the association of M. fortuitum with lung disease in Iranian patients with suspected tuberculosis. In our study, the prevalence of M. fortuitum in clinical samples was high, which is consistent with other studies [1, 2] . In a recent review article from Iran, M. fortuitum was described as the most frequent species among RGM from environmental samples (soil and water), hospital settings and clinical samples, occurring at a rate of 71.9 % in Iran [1] . These results strongly suggest that M. fortuitum is transmitted from the environment to humans, and the possibility of human-to-human transmission of NTM isolates should be questioned [1] .
We revealed the presence of M. fortuitum in respiratory samples mainly from patients with an underlying lung disease, including cystic fibrosis, which implicates a general relationship between M. fortuitum lung infection and structural lung disease. In this group of patients, M. fortuitum generally caused transient disease or colonization, rather than progressive pulmonary infection [14] . Moreover, several studies have shown that M. fortuitum lung disease usually occurs in patients with predisposing factors, such as cystic fibrosis, renal transplantation, malignancy, chronic reflux disease, achalasia or bronchiectasis [15] [16] [17] [18] [19] .
The main predisposing factor in our study was cystic fibrosis. Because pulmonary infection with M. fortuitum is rare, the reasons for the high NTM frequency in patients with cystic fibrosis are unclear. Predisposing factors in these patients may include an underlying structural airway disease and altered mucociliary clearance. A similar frequency of NTM has been shown in primary ciliary dyskinesia, also characterized by bronchiectasis and altered nasal mucociliary clearance [20] . Increased mutation prevalence in the CF trans-membrane conductance regulator (CFTR) gene has been described in elderly people with NTM infection and nodular bronchiectatic lung disease, suggesting a possible role of this gene in susceptibility to NTM infection [13, 21] .
Pulmonary infection with M. fortuitum is clinically similar to that with Mycobacterium abscessus. The second most common lung disease due to RGM is caused by M. fortuitum, occurring in approximately 15 % of patients. Griffith et al. reported that M. fortuitum as a pathogen in lung disease usually occurred only in a subset of patients with gastroesophageal disease, such as chronic vomiting, achalasia and/or exogenous lipoid pneumonia [13] . In another study of 20 patients with NTM lung infection-associated esophageal disorders, most had M. fortuitum lung disease and achalasia [22] . In line with other studies, in our current study only eight patients had gastroesophageal disease, which seems to be a major contributor to M. fortuitum lung disease. However, Park et al. have shown that no gastroesophageal symptoms were observed in similar patients [14] . It is likely that colonization or contamination during culture occurs mostly with M. fortuitum [23] . This finding is incompatible with those of our study.
Approximately 50 % of patients with pulmonary M. fortuitum disease in the current study also had respiratory symptoms associated with a history of smoking. Most of these results are concordant with those from previous reports [24, 25] . Radzniwan et al. showed that M. fortuitum was the cause of coughing and pulmonary infection in an elderly woman with a one-year cough [24] . In agreement with their study, all five patients with HIV infection in our study had coughing and gastroesophageal signs. Isolation of M. fortuitum from respiratory samples is considered clinically important in the case of HIV patients, where treatment should be carried out as the infection can cause disseminated disease [26] .
Pulmonary NTM disease can be determined if M. fortuitum is isolated from two out of three sputum cultures, with pulmonary symptoms and chest X-ray abnormalities, accompanied by the appropriate exclusion of other diagnoses [24] . In the 40 subjects positive for M. fortuitum, 35 had two or more positive culture findings. It appears that the probability of contamination of samples is low in our study. However, despite obtaining several M. fortuitum pulmonary isolates, doubts may persist about their importance in the absence of a clear predisposing condition, such as chronic vomiting or achalasia [14] . Nevertheless, in our study, five patients had only one positive culture for M. fortuitum whereas their other samples were negative. One of the reasons for this may be laboratory contamination or poor quality of the negative samples.
Nevertheless, M. fortuitum is considered a low-virulence pathogen. The clinical significance of this isolate in respiratory samples is not well known, although it is considered to cause transient lung infection in patients with an underlying pulmonary disease. Moreover, among patients with two or more positive sputum samples for M. fortuitum, only a few showed clinical deterioration and eventually needed antibiotic treatment [14] .
It was found that patients infected with M. fortuitum lung disease were smokers or ex-smokers. Consistent with other reports, patients with M. fortuitum might have an increased smoking history than those infected with other RGM species. Thus, the major characteristics of patients with M. fortuitum are thought to be a longer-term smoking history and more reticulonodular opacities on radiographic findings compared with other RGM species. This finding iss inconsistent with those of previous studies in which reticulonodular opacities generally affected elderly, non-smoking females with no underlying pulmonary disease [25, 27, 28 ].
In the current study, a cavitary lesion was observed in six patients (20.0 %). One study indicated that cavitation was unusual and occurred in less than 20 % of subjects with RGM [13] . Chung et al. reported that lobar volume loss, nodules, consolidation and an upper lobe cavitary pattern were more frequent with Mycobacterium avium complex (MAC) than with M. abscessus and M. fortuitum, whereas the nodular bronchiectatic pattern was more common with M. abscessus and M. fortuitum than with MAC. These results are inconsistent with those of the current study. However, few studies have clearly demonstrated such differences [29] .
Nine patients with M. fortuitum pulmonary disease had a history of pulmonary NTM, excluding M. tuberculosis. The mechanism of susceptibility to repeated NTM infection was investigated with regard to certain aspects of host factors in patients with no immunodeficiency. Local impairment of the immune system may occur due to destruction of the airway wall in the patients with pre-existing pulmonary disease. On the other hand, genetic factors may play a role in the development of M. fortuitum pulmonary disease in patients with no underlying pulmonary disease [25] .
The main limitation of this study was the lack of access to data on antibiotic treatment and follow-up. Several studies have shown that M. fortuitum infection often does not require antibiotic treatment and/or prolonged antibiotic therapy, although cases of a more extensive disease have been reported [14, 30] .
In conclusion, we have demonstrated that M. fortuitum respiratory infection is increasing, and also showed for the first time that this species usually causes transient infection or colonization in Iran in patients with a history of cigarette smoking and underlying pulmonary disease, such as cystic fibrosis. Furthermore, it appears that infection with M. fortuitum is common and may be important in patients with HIV.
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